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Hereditary haemochromatosis (HH) is characterized by an increased transferrin saturation (TS) and, except in the earliest stages, an increased serum ferritin (SF).1-3 (Transferrin saturation is the serum iron concentration expressed as a percentage of the serum iron binding capacity, the latter being a measure of transferrin concentration.
The term !Be is used throughout instead of transferrin (except in the expression transferrin saturation) as this indicates the actual analytical procedure used.) In a study of II 000 blood donors, a random TS of 621170 or more identified HH with a false positive rate of I· 81170 which reduced to 0'11170 if a fasting measurement was made." Although this autosomal recessive condition has a homozygote frequency of between 0·1 and 0'51170 5 symptomatic disease is seen less often and a high alcohol intake has been suggested as being important in unmasking the latent condition.t" In one study 321170 of patients Correspondence: Dr C Ford.
with HH had a history of excessive alcohol consumption." Liver damage caused by excessive alcohol consumption can result in an increased SF 2 but it is less well known that these individuals may also have an elevated serum TS.8 Furthermore, mild hepatic siderosis is common in alcoholics.
Previous reports of elevated SF and TS in alcoholics were concerned primarily with the use of serum indices of iron status as a means of measuring hepatic iron stores.s-" The frequency and magnitude of the abnormalities, particularly with respect to TS were not addressed.
Aims of the present investigation were: (i) to identify the frequency and magnitude of elevated TS and SF in a population presenting with alcohol abuse rather than liver disease; (ii) to identify a simple procedure that may prevent unnecessary investigation for the existence of HH in patients with excess alcohol intake.
·P<0·05; ··P<O·ool by Mann-Whitney U test. was analysed by a two site immunoradiometric procedure (Corning, Ferritin Magic).
As many of the variables tested were not distributed in a Gaussian fashion, a nonparametric test of significance (Mann-Whitney U test) was employed to determine significance of difference of median values. Spearman rank correlation analysis was used for association between variables.
RESULTS

Except two patients who had contracted hepatitis
A some years previously, no other patient had a significant previous history of liver or haematological disorder. A family history of hepatic cirrhosis was fairly common but in most cases was related to alcohol consumption.
Results of biochemical tests are summarized in Table 1 . Values for AST and GGT were significantly higher in the patient group than in controls (P<O·OOI), 83 of 159 patients having an elevated AST and 108 an elevated GGT. Amongst controls there were no values of AST outside the reference range but in 13cases values of GGT were elevated. In 16 of the patients the AST exceeded 200 lUlL, and in two of these the value was greater than 400 lUlL. Median values of serum iron, TS and SF were significantly higher in the patient group than in the control group (P < 0 . 00I in all three cases).
The details of results for the 25 patients (16Dfo) with TS greater than 6ODfo and/or SF greater than 1000 /Lg/L are shown in Table 2 . Transferrin saturation in patients correlated positively with AST (r = 0·342 P < 0·00 I) and the correlation between serum ferritin with AST was even stronger (r= O' 700, P< 0,(01). Such correlations were not significant in the case of controls. The ferritin:AST ratio which has been used as a measure of iron status in the presence of liver damage? was not significantly different between
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PATIENTS
Indices of iron status and liver function were investigated in 159 patients (119 men and 40 women) admitted to the substance abuse unit for the purpose of alcohol withdrawal. An age and sex matched control group was recruited from a well-person cholesterol screening programme. In the case of both patients and controls, all tests were performed on blood remaining after completion of routinely requested tests. Age-matching was performed within 5 year intervals.
No patients showed clinical evidence of alcoholic hepatitis or alcoholic cirrhosis at the time of admission and the patients were not studied at a time of acute illness. A questionnaire was completed for each patient to ascertain the presence of other factors which may affect iron status such as a history of haematological disorder, repeated blood transfusions, iron supplementation or evidence of liver disease not associated with alcohol. Consistent follow-up of patients was made difficult by the varying times of discharge and no further investigations were carried out on this patient group unless medically indicated. However, a follow-up study was done in a second group of patients without a control group. In this second group 104 patients were studied and in 10 patients who were found to have abnormal indices of iron status (TS > 60Dfo and I or serum ferritin > 1000 /Lg/L) a second specimen was taken after varying periods of time.
METHODS
Serum concentrations of iron, iron binding capacity (I BC), ferritin, albumin, aspartate aminotransferase (AST), and gammaglutamyltransferase (GGT) were measured on all specimens. If there was insufficient specimen the patient was omitted from the study, but this occurred rarely.
Serum iron was measured by chelation with Ferene S in the presence of ascorbic acid in guanidine hydrochloride sodium acetate buffer (Roche kit 07 10598). Iron binding capacity was measured by addition of excess ferric chloride, adsorption of excess iron by light magnesium carbonate, centrifugation and subsequent iron analysis of the supernatant using the above method. Albumin, AST and GGT were measured by standard procedures (albumin by dye binding of BCG, enzymes kinetically at 37°C under Scandinavian conditions) on the Hitachi 737 analyser (Boehringer, Sussex, England). Ferritin patients and controls (medians 4·1 and 4·6 respectively) but the TS : AST ratio was significantly higher (P<O·OOI) in patients than in controls (medians 0·80 and 0·51 respectively).
In the second group of 104 admissions, 17 patients (16010) initially had iron indices consistent with iron-overload. Ten of these were retested after variable periods, the remaining seven escaping follow-up due to self discharge or failure to identify patients quickly enough.
All 10 patients had an initial TS greater than 60% and four of them in addition had SF greater than 1000 /Lg/L. On subsequent retesting only one patient had TS greater than 60%, none had SF greater than 1000 /Lg/L. Subsequent examination of the medical notes showed all but one of the 10 patients had abstained from alcohol during the intervening period. The results of the initial and follow-up tests for the nine patients who abstained from alcohol are shown in Table 3 .
DISCUSSION
Iron indices consistent with iron overload were defined as a TS > 60010 and/or a SF > 1000 /Lg/L. These criteria were, however, arbitrary and do not constitute absolute criteria for HH. Serum ferritin concentrations in the range 1000-10 000 /Lg/L are normally found in patients with clinical and pathological features of HH. However, they may be lower in patients presenting early in the course of the disease.' As the upper end of the reference range for SF is 200 /Lg/L in males and 150/Lg/L in females values > 1000 /Lg/L represent a substantial elevation.
Transferrin saturation ranging from 45-70% has been used as a marker of HHIO and a TS~60% identified nearly all HH hornozygotes."
It has been suggested that a TS > 50% may reduce false negatives when screening women;" Since screening was not the purpose of this study a TS > 60% was chosen. As a high SF alone is a poor indicator of HH particularly in males," SF values in the range 500-1000 /Lg/L in patients with TS < 60% were considered to be not sufficiently high to be worthy of consideration.
(They numbered a further 12 patients in total.) Edwards et al," showed that the false positive rate is greater if a random sample is used rather than a fasting sample. However, no controls showed elevated TS despite the fact we used random samples. The close correlation of SF and AST and the fact that the ferritin: AST ratio was not significantly different in controls and tests suggest that liver cell damage caused by alcohol may explain the increased SF. Indeed Lundin and co-workers have observed that SF and AST declined in parallel in 19 alcoholics studied longitudinally. 9 However, it is less easy to explain the elevated TS values in patients. The correlation between TS and AST in patients was poor compared to that between SF and AST (Spearman correlation coefficient 0·342 compared with 0.7(0). Furthermore the TS : AST ratio was higher in patients than controls (P<O·OOI) indicating that TS and AST were not altering in parallel and that some factor other than liver cell damage was affecting TS.
The higher TS could be caused by a decreased mc or a raised serum iron. The median value of mc was, indeed, less in patients than controls and that of serum iron greater, though the percentage difference in mc was smaller. A decrease in mc could result from a reduced rate of synthesis, possibly due to nutritional causes, or an increased rate of catabolism. Indeed an appreciable increase in the fractional catabolic rate of transferrin in patients with alcoholic fatty liver has been reported. 12 However, in the nine patients who abstained from alcohol the median TS fell from 810/0 to 29%, with the serum iron falling from a median of 38 /Lg/L to II /Lg/L and the median serum mc rising from 44/Lg/L to 50/Lg/L indicating that the alcohol effect is almost exclusively on serum iron.
Ann Clin Biochem 1995: 32
We conclude that features of iron overload (TS > 60% and/or SF> 1000 /Lg/L) are common (16%) in patients admitted for alcohol withdrawal but without clinical signs of significant liver disease. We suggest that a repeat investigation after a short period of abstinence from alcohol is enough to exclude the possibility of HH.
